Introduction
Vitamin D is a unique vitamin and a hormone which is absolutely essential for bone mineral homeostasis. In addition, in the recent past there has been a growing appreciation for its role as an endocrine regulator having important roles in the renal, cardiovascular, reproductive and immune systems in the body. These actions are named non-classic actions or pleiotropic effects of vitamin D.
Regarding the non-classic actions of the hormonal form of vitamin Din the renal system, inhibition of Renin Angiotensin System (RAS)by reducing renin synthesis is an important action of vitamin D. Renin is the first and the rate limiting step of the RAS cascade.
This action of vitamin D can be used to overcome the unwanted effects resulting from the long term use of Angiotensin Converting Enzyme Inhibitors (ACEI) and Angiotensin Receptor Blockers (ARB) in patients with renal and cardiovascular disease; that is compensatory rise in renin level as a result of disruption of feedback inhibition of renin production.
ACEI and ARB are included in the standard treatment for reducing proteinuria in diabetic nephropathy, which is the commonest cause of end stage renal disease worldwide . Despite the treatment with ACEI and ARB, rate of progression of diabetic nephropathy remains high. Compensatory rise in plasma renin level leading to activation of RAS is one important mechanism which has been postulated as a possible reason for the inadequacy of ACEI and ARBs on reversing diabetic nephropathy.
Current data on the role of vitamin D reducing the progression of renal damage in diabetic renal disease are limited and come from either animal studies or few human studies . Studies which explored the effect of vitamin D on animal models of kidney disease have reported the beneficial effects of such therapy. Randomized control trials examining the effect of vitamin D on the progression of proteinuria are limited. Further, these studies are not sufficiently powered to generate conclusive results. There is a paucity of sufficiently powered randomized controlled trials examining the different renoprotective effects of vitamin D among patients with diabetic nephropathy.
Hence we planned to evaluate the effect of vitamin D therapy in reversing the progression of diabetic nephropathy and also to determine the effect on plasma renin, cardiovascular disease risk (CVDR) profile, bone mineral density (BMD) and bone mineral content (BMC) measurements.
This review includes the following arms exploring the effects of vitamin D on 1. renal functions in patients with diabetic nephropathy.
2. lipid profile and blood pressure in patients with diabetic nephropathy.
3. cardiovascular risk scores in patients with diabetic nephropathy.
4. bone mineral density in patients with diabetic nephropathy.
Methods
This study was conducted on patients with diabetic nephropathy (urinary albumin >30 mg/g of creatinine in two occasions) whose GFR was were negative for nitrates were stored in -80 C for urine albumin analysis. After two weeks second sample of urine was collected. Same procedure was followed as for the first urine sample. If the urinary albumin excretion of the second sample was inconsistent with the first sample, a third urine sample was checked. Presence of microalbuminuria was confirmed only if two consecutive or two out of three samples were positive for urine albumin > 30 mg albumin/g of creatinine. In the same manner, macroalbuminuria was confirmed when urine albumin excretion was > 300 mg/g of creatinine.
Study design
Patients were allocated to two groups by block randomization method (block of 2) using a random number table. Concealed envelopes containing treatment allocation were given to research assistants who assigned participants to treatment and control groups. Treatment group received monthly dose of 50,000 IU of vitamin D intramuscularly and the 3 control group was given an equal volume of distilled water (0.25 mL) to the same site in a similar manner. Participants, those administering the interventions, clinicians, and those assessing the outcomes were blinded to the group assignment. A safety visit was scheduled 1 week after starting the treatment to monitor the serum Ca and phosphorus concentrations and to elicit any adverse events. The protocol permitted withdrawal from the trial if serum Ca exceeded 11 mg/dL. During monthly visits patients were inquired about side effects according to a check list in the data collection sheet.
Study procedures
All patients underwent whole body dual-energy X-ray absorptiometry (DXA) scan and BMD and BMC of the total body, total spine (L -L ) and 1 4 proximal femur were measured. All scans were performed and analysed by the same technician adhering to the manufacturer's protocol. DXA machine was calibrated using the calibration phantom provided by the manufacturer. The precision error of the machine has been published previously. There were no software or hardware changes during the study period.
At three months blood samples were collected for serum creatinine, serum calcium, serum phosphate, FBS, lipid profile and urine was taken for the assessment of urine micro albumin to creatinine ratio at three months.
After six months of treatment all the measurements done at the baseline, including DXA were repeated. When the trial period of six months was over, a randomly selected subgroup of patients (25 from each group) was followed up for further six months and another DXA testing was performed. Biochemical assays were performed using commercial kits. Urine albumin was measured by turbid metric method while urinary creatinine concentration was measured using an end-point spectrophotometric method with an alkaline-picrate solution.
Serum creatinine was measured by auto-creatinine calibrated with autocal which is traceable to reference material. Glomerular Filtration Rate (GFR) was estimated by CKD-EPI equation.
Intact PTH (Immunotech, IRMA PTH), renin (Beckman coulter, IRMA Active Renin) by radioimmunoassay and 25-hydroxy vitamin D were measured using immunochemiluminometric (Vitros immunodiagnostic) assays. Serum creatinine was measured by spectrophotometric method with an alkaline-picrate solution.
Ethical aspect
Ethical clearance was obtained from the Ethics Review Committee of the Faculty of Medicine, University of Ruhuna, Galle, Sri Lanka.
Clinical trial has been registered in the local clinical trial registry. Informed written consent was obtained from all subjects of the study.
Statistical analysis
The baseline characteristics between the two groups were compared by either unpaired t-test or Chi-square test. Changes in urinary albumin, renal functions, vitamin D, renin, PTH, BMD / BMC during the trial period were analyzed by the Repeated measure ANOVA (SPSS, Chicago, USA). P value was adjusted for multiple comparisons by the Bonferroni method.
Results
A total of 157 patients were invited for the study and 72 were excluded due to the presence of one or more exclusion criteria. Remaining 85 were randomly assigned to two groups and 82 subjects completed the study; 41 patients from each group completed the study.
No significant differences were found with regards to the baseline characteristics between the treatment and control groups (Table 1) . All patients received either an ARB or ACEI at the baseline. During the study period, oral hypoglycemic drugs were increased in nine patients (6 in the treatment group). Losartan was increased in three patients (2 in the control group). Blood pressure number and doses of anti-hypertensive drugs were quite stable during the clinical trial.
Vitamin D therapy on renal functions of patients with diabetic nephropathy
Diabetic nephropathy is the leading cause of end stage renal disease and despite optimum therapy including ACEI/ARBs, a sizable proportion of patients with proteinuria progress to renal failure. It is likely that high renin level induced by RAS (Renin Angiotensin System) blockage may contribute to this and vitamin D is found to have an inhibitory effect over RAS as it reduces renin synthesis.
This study was conducted to examine the effects of vitamin D therapy on renal functions of patients with diabetic nephropathy.
Effect of vitamin D therapy on urinary albumin excretion, renal functions and plasma renin among patients with diabetic nephropathy; a randomized, double-blind clinical trial. Table 2 shows the changes of the urine microalbumin to creatinine ratio, systolic blood pressure (SBP), diastolic blood pressure (DBP), fasting blood sugar (FBS), serum creatinine, eGFR, PTH, renin and vitamin D levels after three and six months of treatment in the treatment and control groups. After six months, mean reduction of urinary albumin to creatinine ratio was 51.8 mg/g (p = < 0.001) in the treatment group, 22.4 mg/g (p = 0.06) in the control group and this difference was significant (p = 0.001). Significant increase in the GFR was observed in the treatment group while in the control group GFR remained unchanged (p = 0.03 for the between-groups difference). There was a significant reduction of serum creatinine in the treatment group but not in the control group. But the change was not significant between groups.
Results
A significant increase of SBP was seen in the control group whereas SBP remained unchanged in the treatment group and the difference was not statistically significant. Significant trends in the DBP was seen in both groups during the study period but the difference between the two groups was not statistically significant ( p = 0.17). Significant reduction of FBS was seen only in the control group and the difference between groups was not statistically significant (p = 0.23).
Significant reduction of PTH was observed in both treatment and the control groups. But the change between two groups was not statistically significant (p = 0.26). In the treatment group, vitamin D level increased by 25.64 nmol/L and between the two groups the change was statistically significant (p < 0.001). Mean reduction in plasma renin in the treatment group was 5.85 pg/mL (p < 0.001).
In the control group the reduction observed was only 0.95 pg/mL. The difference between the two groups was statistically significant (p = 0.006) ( Table 2) .
A significant inverse correlation was observed in vitamin D with percentage change in plasma renin level (ñ = -0.66, p < 0.01) and percentage change in urine albumin levels (r = -0.47, p < 0.01). Furthermore, percentage changes of renin and urinary albumin also showed a significant correlation (ñ = 0.62, p < 0.01) ( Table 3 ).
According to the table 4, the microalbuminuria suppression is related to the final serum renin level. The suppression of microalbuminuria is highest in the highest tertile of serum renin and it does not vary across the tertiles of serum vitamin D. The lowest suppression of microalbuminuria is in the lowest tertile of the serum renin. Furthermore, there is a gradient of microalbuminuria suppression across the tertiles of the serum renin concentration.
Serum Ca in patients with vitamin D treated and in the control group were 9.16 (0.61) and 9.045 (0.69) at the end of trial. The difference was not statistically significant. No adverse events, particularly hypercalcaemia were reported during the study period. 
Conclusions
Randomized double-blind placebo controlled clinical trial conducted among patients with diabetic nephropathy showed a significant reduction of urine microalbumin, serum creatinine, renin levels and improvement of GFR among patients in the treatment group compared to the control group after monthly injection of vitamin D for six months.
Vitamin D therapy on lipid profile and blood pressure in patients with diabetic nephropathy
Effects of six month, high-dose parenteral vitamin D therapy on lipid profile and blood pressure in patients with diabetic nephropathy; a randomized double-blind clinical trial Aim of this study was to determine the effect of high dose vitamin D given to patients with early diabetic renal disease on systolic and diastolic blood pressure, total cholesterol (TC), low-density lipoproteins (LDL), triglycerides (TG) and high density lipoproteins (HDL) in a randomized controlled trial. Table 5 shows the changes in SBP, DBP, TC, TG, LDL, HDL and vitamin D at 3 and 6 months of follow up.
Results
In the treatment group, vitamin D level increased by 25.64 nmol/L and between the two groups the change was statistically significant (p < 0.001).
Vitamin D therapy significantly reduced DBP, total cholesterol and LDLC in the treatment group, but the between group differences were not significant. There was an increase in HDL cholesterol level in the treatment group while there was no change in the control group (the between groups difference was significant). No significant effect was found with vitamin D 3 treatment on CVDR scores, measured by FRS and UKPDS (Table 6 ). 
Vitamin D therapy on bone mineral density of patients with diabetic nephropathy
Effect of vitamin D therapy on bone mineral density among people with diabetic nephropathy; a randomized, double-blind placebo controlled clinical trial. Aim was to determine the effect of vitamin D given to patients with diabetic nephropathy on bone mineral density (BMD) and bone mineral content (BMC).
Results
A total of 157 people were invited for the study and 72 were excluded due to the presence of one or more exclusion criteria. Remaining 85 were randomly assigned to two groups; 43 subjects in the treatment group and 42 subjects to the control group. No significant differences were found with regards to the baseline characteristics between the treatment and control groups.
Two participants from the treatment group and one participant from the control group did not complete the study. They were not contactable probably due to the change of the residence. Forty one subjects from each group completed the intervention. At the end of 6 months DXA results were available in 39 participants in the treatment group and 38 in the control group. At the end of one year, 25 from each rd group underwent the 3 BMD measurement. Table 7 shows the changes of the total body BMD/BMC, regional BMDs, total fat and lean masses, during the initial six months of treatment in the treatment and control groups.
After six months of vitamin D injections, total body BMD, total body BMC and BMDs of spine, femoral neck and total hip regions increased by 2.0%, 2.2%, 1.8%, 2.1% and 2.6% (P < 0.05 for all), respectively from the baseline figures. However, increase observed in the trochanteric BMD among them was not statistically significant. In the control group, compared to the baseline values, total body BMC, BMD, or regional BMDs did not change significantly during the initial six months. Six months after the cessation of vitamin D treatment, significant reductions of both total BMD and BMC were observed (P = 0.009) while regional BMDs remained unchanged (Table 8 ). In the control group none of the BMD / BMC measurements changed significantly during the post-trial follow up six months period. 
Conclusions
The improvement of total body BMC, total body BMD, BMDs of spine, femoral neck and hip were statistically significant among vitamin D treated patients compared to patients in the control group. Six months after stopping treatment the improvement in the regional BMD remained unchanged while only a marginal loss was observed in total body BMD and BMC.
Discussion
Most striking outcome of this randomized doubleblind placebo controlled clinical trial conducted among patients with diabetic nephropathy was the significant reduction of urine microalbumin after monthly injection of vitamin D for six months. In addition, there was a significant reduction of serum creatinine and improvement of GFR among patients who received vitamin D. These results are supportive of the reno-protective effects of high dose vitamin D in diabetic patients with nephropathy who are on optimum medical therapy.
Further, vitamin D increased BMD / BMC compared to placebo given to patients in the control group. This improvement was observed in the total body BMD/BMC and BMDs of total hip, total spine and femoral neck. The regional BMDs remained unchanged six months after withdrawing vitamin D treatment while only a marginal loss was observed in total BMD and BMC. In our sample we recruited patients in the early stages of renal disease (eGFR > 30 mL/min) and majority of them were not vitamin D deficient. Therefore we were able to increase their vitamin D levels to above physiological limits in order to examine for the non-classic benefits of vitamin D. These benefits were independent of the conventional treatment offered for these patients according to current treatment guidelines. According to the studies discussed above there was a significant reduction of urine microalbumin, serum creatinine and improvement of GFR after monthly injection of vitamin D for six months. These results are supportive of the reno-protective effects of high dose vitamin D in diabetic patients with nephropathy who are on optimum medical therapy. Furthermore, we observed a significant reduction of renin levels in the treatment group compared to the control group.
The dose of vitamin D used in this study raised serum vitamin D level substantially. Although this was sufficient to demonstrate reno-protective effect and benefit on BMDs the period of trail was insufficient to demonstrate a positive effect on CV measurements except HDL.
Based on the results of these studies vitamin D can be considered as an add-on therapy to patients with increasing microalbuminuria despite optimum glycaemic and blood pressure control and receiving maximum tolerable doses of ACEI or ARB.
Due to the paucity of data, however, further clinical trials should be done to reproduce the results observed in this study. If the same benefits are proven, use of vitamin D for complete suppression of albuminuria can be recommended.
Conclusions
Monthly injections of high dose vitamin D has 3 improved the renal functions, BMD and BMC in patients with diabetic nephropathy.
This treatment did not have a significant effect on cardiovascular risk scores or blood pressure except HDL levels.
Further studies involving longer durations of treatment at different doses of vitamin D may be needed to reconfirm these findings.
